Insulin-like growth factor (IGF)-1 signaling might partly mediate effects of caloric restriction (CR), an experimental intervention for increasing longevity in mammals. The present study evaluated effects of recombinant human (rh)IGF-1 infusion on adipokine levels in CR and transgenic (Tg) dwarf rats with the reduced growth hormone-IGF-1 axis, which shared similar body weight and food intake. At 9 months of age, each rat received a continuous infusion of rhIGF-1 for 14 days, and rats received an injection of glucose after overnight fasting. Infusion of rhIGF-1 had metabolic effects in all rat groups although it did not affect insulin sensitivity in any of the groups. In addition, plasma adiponectin was decreased to the control group levels and plasma leptin was further reduced in CR and Tg rats. The similarity of phenotypes and adipokine responses to rhIGF-1 between CR and Tg rats supports a role for reduced IGF-1 signaling in the CR effect.
A moderately restricted calorie intake with an adequate supply of essential nutrients, referred to as caloric restriction (CR), slows down aging processes and prolongs life span in animals (1, 2) . Although the findings have been confirmed repeatedly in many laboratories, our understanding of the pathways that mediate the effect of CR is incomplete. Recent discoveries of longevity assurance genes emphasize the importance of reduced growth hormone (GH)-insulin-like growth factor (IGF)-1 signaling with a decrease in serum insulin levels (3, 4) . In CR rodents, plasma or serum IGF-1 levels are decreased during most of their life span (5) (6) (7) . Serum insulin concentrations are also diminished concomitantly with enhanced insulin sensitivity (8) (9) (10) .
We previously reported a transgenic (Tg) dwarf rat strain, in which the GH-IGF-1 axis is moderately suppressed by overexpression of the antisense GH gene, that significantly lives 7%-10% longer than do nontransgenic wild-type (W) rats (11) . Subsequent studies revealed that these Tg rats, even if fed ad libitum (AL), have phenotypes similar to those of W-CR rats. Tg-AL rats have a similar body size and food intake as W-CR rats. The plasma IGF-1 levels are moderately reduced in both groups of rats as compared to W-AL rats (12) . In W-CR and Tg-AL rats, glucose tolerance is normal or slightly improved, whereas the glucose-induced insulin response is lower, indicating activation of insulinindependent mechanisms as well as enhanced insulin sensitivity for glucose disposal (13) . These findings led to our hypothesis that a reduction of the GH-IGF-1 axis is involved in the effect of CR on glucose metabolism and insulin sensitivity, and we concluded that the Tg rat strain is a good tool to analyze the effects of CR (13) .
The present study was designed to investigate the potential role of the GH-IGF-1 axis in the CR effect. We administered recombinant human (rh)IGF-1 to W-CR, W-AL, and Tg-AL rats and assessed their responses, because data on heterozygous IGF receptor knockout mice (14) suggest that IGF-1 signaling in peripheral tissues is more important than GH signaling with respect to longevity. In those mice, the plasma IGF-1 concentrations are increased (14) , probably because of an increase in GH signaling by the feedback mechanism that is elicited by the attenuation of peripheral IGF-1 signaling.
We focused on the CR-induced regulation of plasma adiponectin and leptin levels. Both adipokines are synthesized and secreted mostly from white adipose tissue (15, 16) , although they are regulated differentially. Plasma adiponectin levels are decreased in obese animals (15, 16) ; plasma leptin levels, however, are proportionate to body fat content. Increased plasma adiponectin is associated with insulinsensitizing, anti-diabetic, and anti-atherosclerotic effects (15, 16) . In contrast, elevated leptin is correlated to insulin resistance (15, 16) . In CR rodents, which have reduced plasma or serum IGF-1 concentration, plasma adiponectin levels are increased (17) (18) (19) , whereas leptin levels are decreased (20, 21) . These alterations in plasma adipokine levels in CR rodents might be induced, at least in part, by the suppression of IGF-1 signaling.
MATERIALS AND METHODS

Experimental Animals
The present study was performed in accordance with the provisions of the Ethics Review Committee for Animal Experimentation at Nagasaki University. The rats used in the present study, and their care, are described in detail elsewhere (11) (12) (13) . Briefly, the Tg rats (Jcl: Wistar-TgN [ARGHGEN] 1Nts) were provided by the Nippon Institute for Biological Science (Oume City, Tokyo, Japan). The rat colony was established in a barrier facility in the Laboratory Animal Center for Biomedical Research, Center for Frontier Life Sciences of Nagasaki University, in 1997. The transgene consists of four copies of the thyroid hormone responsive element, the rat GH promoter, and antisense complementary DNA (cDNA) sequences for rat GH (22) . Male rats heterozygous for the transgene were used, because these Tg rats have phenotypes similar to those of nontransgenic wild-type (W) Wistar rats subjected to 30% CR (12) . Control male W rats were purchased from Japan Clea Inc. (Tokyo, Japan).
Weanling male rats were transferred at 4 weeks of age to the barrier facility in which temperature (22-258C) and light (12-hour light/dark cycle) were automatically controlled. Rats were maintained under specific pathogen-free conditions and were fed AL with Charles River LPF diet (Oriental Yeast Co. Ltd., Tsukuba, Japan), which is based on the CRF-1 formula of Charles River, but the protein fraction was reduced to 18% for the long-term study. The composition of the diet was as follows (per 100 g): 18.2 g protein, 4.8 g fat, 6.6 g mineral mixture, 5.0 g fiber, 57.9 g nitrogen-free water-soluble substance, and 7.5 g water. The caloric value of the diet was 348 kcal/100 g.
At 6 weeks of age, the 30% CR regimen was started in W rats by providing two allotments of food every other day; the amount of one allotment of food was 70% of the mean daily intake in the AL group. The amount of food provided to W-CR rats was adjusted to 70% of that consumed by W-AL rats until 24 weeks of age, and fixed thereafter. Tg rats were fed AL throughout the experiment. Rats used in the present study were also used for a study published elsewhere (13) . In that study, a glucose tolerance test and insulin tolerance test were performed to evaluate glucose-insulin properties in these animals between 7 and 9 months of age.
At 2 weeks after the last insulin tolerance test (9 months of age), rhIGF-1 (Fujisawa Pharmaceutical Co., Ltd., Osaka, Japan) was administered for 14 days to W-AL, W-CR, and Tg-AL rats via osmotic minipumps (Alzet model 2ML2; Braintree Scientific Inc., Braintree, MA) implanted subcutaneously in the interscapular region (n ¼ 10 for each rat group). The dose of rhIGF-1 was adjusted to 0.5 mg/kg body weight per day. Preliminary experiments demonstrated that this dose of rhIGF-1 increased the concentration of human IGF-1 in the serum to approximately 300 ng/mL, an amount roughly equal to the difference in serum IGF-1 concentrations between W-CR and W-AL rats (12) . Control rats (n ¼ 9-10 for each rat group) were implanted with minipumps filled with vehicle (0.1% bovine serum albumin, 0.01 mol phosphate-buffered saline, pH 7.4). The body weight and amount of food ingested were measured daily.
To evaluate the glucose-induced insulin response, rats were fasted overnight and injected intraperitoneally with Dglucose (1.0 g/kg body weight, 50% solution) or saline without anesthesia 15 minutes before tissue collection (n ¼ 4À5 for each rat group administered rhIGF-1 or vehicle). After decapitation, trunk blood was collected, and serum and plasma samples were prepared and stored at À308C until assayed for IGF-1, insulin, and adipokines. The anterior pituitary gland was also frozen in liquid nitrogen and kept at À808C for analysis of the GH-messenger RNA (mRNA) expression levels.
Measurements of Blood Hormones and Glucose
The serum concentrations of human and rat IGF-1, and rat insulin were measured using enzyme-linked immunosorbent assay (ELISA) kits specific for human IGF-1 (R & B Systems, Minneapolis, MN), rat IGF-1 (Diagnostic Systems Laboratories, Inc., Webster, TX), and rat insulin (Amersham Pharmacia Biotech, Little Chalfont, U.K.), respectively. The plasma concentrations of adiponectin and leptin were also measured using ELISA kits specific for rat and mouse adiponectin (Otsuka Pharmaceutical Co. Ltd., Tokyo, Japan) and rat leptin (Immuno-Biological Laboratories Co., Ltd., Takasaki, Japan), respectively. The serum glucose concentration was measured using the glucose oxidase procedure kit (Wako Pure Chemical Industries, Ltd., Osaka, Japan). The coefficient of variation within an assay was less than 7% for each hormone; the variation between assays was less than 10%.
Quantitative Insulin Sensitivity Check Index (QUICKI)
To estimate insulin sensitivity, QUICKI (23) was calculated using fasting serum insulin (I0) and glucose (G0) according to the following formula; QUICKI ¼ 1/[log(I0) þ log(G0)]. In the present analysis, insulin and glucose data in rats that received saline injections before being killed were used for this calculation.
Real-Time Reverse Transcription-Polymerase Chain Reaction
GH-mRNA was analyzed using quantitative real-time polymerase chain reaction (PCR) to evaluate possible negative feedback due to rhIGF-1 administration. Total RNA was extracted from the anterior pituitary gland using ISOGEN (Nippon Gene Inc., Toyama, Japan) and treated with DNase I (Promega, Madison, WI) to eliminate residual genomic DNA. According to the manufacturer's protocol, extracted RNA was reverse-transcribed with a TaqMan Reverse Transcription Reagents kit (Applied Biosystems, Tokyo, Japan) and amplified using Platinum Quantitative PCR SuperMix-UDG (Invitrogen, Carlsbad, CA) with TaqMan MGB probes and primers (Applied Biosystems). Primers and probes for the GH and cyclophilin genes were designed based on the complete cDNA sequences of rat GH (NCBI accession No. U62779) and cyclophilin (NCBI accession No. M19533) with the software Primer Express (Applied Biosystems). Sequences for these primers and probes were as follows: GH sense, 59-CCCCACCGGCAAGG; GH antisense, 59-CAGCGAGAAGCGAAGCAAT; GH TaqMan MGB probe sequence, 59-FAM-CCAGCAGAGAACTG ACA. Cyclophilin sense, 59-CCATCTCCGACTGTGGA CAA; cyclophilin antisense, 59-TGAGCTACAGAAG GAATGGTTTGA; cyclophilin TaqMan probe sequence, 59-FAM-AATTTCTTTGACTTGCGGGCATTTTACCC-T AMRA. The cyclophilin gene was amplified separately as an endogenous control to normalize for variable amounts of cDNA in the samples. Dilutions (180, 90, 45, 22.5, 11.25, and 5.625 ng) of cDNA samples were used to construct standard curves for GH and cyclophilin gene amplifications. Relative quantification of mRNA levels was performed on an ABI PRISM 7900HT Sequence Detector (Perkin Elmer Applied Biosystems). GH-mRNA expression levels were normalized to cyclophilin-mRNA levels for all samples.
Statistics
Data were presented as means 6 standard error. The present data were analyzed by one-, two-, or three-factor analysis of variance (ANOVA) for the main effect of the rat group (RAT; W-AL, W-CR, or Tg-AL), administration of rhIGF-1 (IGF-1; þ or À), injection of glucose (GLC; þ or À), or their combinations. The interactions (RAT 3 IGF-1, RAT 3 GLC, IGF-1 3 GLC, RAT 3 IGF-1 3 GLC) were also analyzed. Fisher's protected least significant difference (PLSD) test was performed as a post hoc test for multiple comparisons. Human IGF-1 and rat insulin concentrations were analyzed after logarithmic transformation of data to stabilize variance. The level of significance was set at a p value of less than .05; if p values were less than .10, it was noted. All statistical analyses were performed using StatView 5.0 software (SAS Institute Inc., Cary, NC).
RESULTS
General Data
The body weights prior to infusion were as follows: 536.5 6 31.1 g (W-AL rats), 368.1 6 17.1 g (W-CR rats), and 356.0 6 19.2 g (Tg-AL rats). The body weight was significantly greater in W-AL rats than in the other two rat groups, whereas there was no difference between the weights of W-CR and Tg-AL rats. Administration of rhIGF-1 relatively increased the body weight compared to vehicle administration (Table 1: IGF-1, p , .0001); vehicle administration reduced the body weight slightly in W-AL and Tg-AL rats. The effect of rhIGF-1 was similar in all rat groups (RAT 3 IGF-1, p ¼ .9359), although the increased percentage of body weight was greater in W-CR rats compared to W-AL and Tg-AL rats (RAT, p , .0001).
Tg-AL rats consumed 30% less food than W-AL rats (Tg-AL, 16.0 6 1.7 g/day; W-AL, 22 6 1.9 g/day) before the infusion, thus the food intake of the Tg-AL rats was similar to that provided for W-CR rats (16.2 g/day). The food intake was slightly reduced after the minipump insertion surgery, and returned to presurgical levels within 2 days after the operation. The cumulative food intake for the last 6 days of the experiment was 29% lower in Tg-AL rats compared to W-AL rats (Table 1: RAT, p , .0001). The amount of food consumed by W-CR rats was similar to that consumed by Tg-AL rats. Infusion of rhIGF-1 did not significantly affect the food intake in any group of rats, although the food intake seemed to be slightly decreased (3%) in W-AL rats and slightly increased (6%) in Tg-AL rats (RAT 3 IGF-1, p , .05, but the difference was not statistically significant for either rat group in post hoc tests).
The peri-renal fat tissue weight, when normalized by body weight, was lower in W-CR and Tg-AL rats than in W-AL rats (Table 1: RAT, p , .0001); there was no difference between W-CR and Tg-AL rats. The fat tissue weight was significantly decreased in W-AL rats infused with rhIGF-1, but not in W-CR or Tg-AL rats (IGF-1, p , .002; RAT 3 IGF-1, p , .05).
Serum Human and Rat IGF-1 and GH-mRNA Levels in the Anterior Pituitary Gland
Human IGF-1 was detected in the serum in rhIGF-1-infused groups, and the levels of human IGF-1 were below the detection limit in vehicle-infused groups (Figure 1a) . The serum concentrations of human IGF-1 did not significantly differ among the three rat groups. There was also no difference between the glucose-injected and salineinjected groups (GLC, p ¼ .088).
The serum concentrations of rat IGF-1 were lowest in Tg-AL, next lowest in W-CR, and highest in W-AL rats ( Figure  1a : RAT, p , .0001). Groups infused with rhIGF-1 had significantly lower rat IGF-1concentrations, as compared to the vehicle-infused groups (IGF-1, p , .0001 ). There was a slight increase in IGF-1 concentration after the glucose injection, but it was not statistically significant (GLC, p ¼ .0692).
Consequently, the total IGF-1 concentration, human and rat IGF-1 combined, was not increased in rhIGF-1-infused groups when they were killed; on the contrary, the total concentration was slightly decreased in these groups (IGF-1, p , .05). The total concentration of IGF-1 was greatest in W-AL rats (RAT, p , .002), but there was no statistical difference between W-CR and Tg-AL rats. Glucose-injected groups had slightly increased total IGF-1 concentrations, particularly vehicle-infused, but not rhIGF-1-infused groups (IGF-1 3 GLC, p , .05) .
The GH-mRNA expression levels in anterior pituitary tissues were lowest in Tg-AL, next lowest in W-CR, and highest in W-AL rats (Figure 1b: RAT, p , .0001) . The expression levels were significantly reduced in rhIGF-1-infused groups (IGF-1, p , .0001 ). There was no difference between the glucose-injected and saline-injected groups.
QUICKI and Glucose-Induced Insulin Response
QUICKI was greater in W-CR and Tg-AL rats than in W-AL rats (Figure 2a : RAT, p , .0005); there was no significant difference between W-CR and Tg-AL rats. Administration of rhIGF-1 slightly increased QUICKI, but the increase was not significant (IGF-1, p ¼ .0773).
Serum glucose levels increased similarly in all rat groups after glucose load (Figure 2b : GLC, p , .0001). Neither rat group nor rhIGF-1 administration significantly affected the serum glucose profile. The serum insulin concentrations were significantly increased after glucose load (Figure 2c : GLC, p , .0001). As a whole, the serum insulin concentrations were lower in W-CR and Tg-AL rats than in W-AL rats (RAT, p , .0001). The glucose-induced insulin response was lower in W-CR and Tg-AL rats compared with W-AL rats (RAT 3 GLC, p , .05). The serum insulin concentrations in Tg-AL rats did not differ from those in W-CR rats. There was no significant effect of rhIGF-1 on the insulin response.
Plasma Adiponectin and Leptin Levels
The plasma adiponectin concentrations were greater in W-CR and Tg-AL rats than in W-AL rats (Figure 3 : RAT, p , .0001), but did not differ between W-CR and Tg-AL rats. Infusion of rhIGF-1 significantly decreased plasma adiponectin levels in all three rat groups (IGF-1, p , .0001). After rhIGF-1 infusion, the higher adiponectin levels in W-CR and Tg-AL rats returned almost to the W-AL levels. Glucose injection did not significantly affect plasma adiponectin concentrations as a whole; in W-AL rats, the plasma adiponectin response to glucose injection seemed to be slightly different from that in W-CR and Tg-AL rats (RAT 3 IGF-1 3 GLC, p , .05).
The plasma leptin concentrations were highest in W-AL, next in Tg-AL, and lowest in W-CR rats (Figure 4 : RAT, p , .0001). Administration of rhIGF-1 reduced plasma leptin levels by 32% in all three rat groups (IGF-1, p , .0003). Glucose injection slightly elevated plasma leptin levels, particularly in the vehicle-groups, but not in rhIGF-1 groups (IGF-1 3 GLC, p , .05) .
DISCUSSION
The present study demonstrated that W-CR and Tg-AL rats had similar phenotypes for body weight, food intake, fat content, insulin sensitivity, and adipokines at baseline, although the GH-IGF-1 axis was slightly more suppressed in Tg-AL rats. The responses to rhIGF-1 infusion in these rats were also similar. These findings suggest the importance of the GH-IGF-1 axis in the CR effect.
In this study, we attempted to augment IGF-1 signaling in peripheral tissues in W-CR and Tg-AL rats. Infusion of a physiologic dose of rhIGF-1 elicited negative feedback regulation, thus the total serum IGF-1 concentrations did not increase compared with vehicle infusion in all three rat groups. Similar negative feedback regulation was reported Figure 1 . a, Serum insulin-like growth factor (IGF)-1 concentrations; effects of recombinant human (rh)IGF-1 infusion and glucose injection. Rats received subcutaneous infusions with rhIGF-1 for 2 weeks and received intraperitoneal injections of glucose 15 minutes before tissue collection. W-AL ¼ nontransgenic wild-type rats fed ad libitum throughout the experiment; W-CR ¼ nontransgenic wild-type rats fed a 30% calorie-restricted diet from 6 weeks of age; Tg-AL ¼ transgenic dwarf rats fed ad libitum throughout the experiment. Each bar and line represent the mean þ standard error (SE) (n¼4 or 5) of total IGF-1 concentrations, i.e., rat IGF-1 and human IGF-1 were combined. Gray portions: human IGF-1; each column represents the sum of human and rat IGF-1 levels. b, Growth hormone (GH) messenger RNA (mRNA) expression levels in the anterior pituitary; effects of rhIGF-1 and glucose injection. Tissues were collected from the same animals as those in a. Each bar and line represent the mean þ SE (n ¼ 4 or 5).
in other studies (24) (25) (26) . The present data, however, suggested that the net bioactivity of IGF-1 in peripheral tissues was increased by rhIGF-1 infusion, because body weight was significantly increased as compared to vehicle-treated groups in all three rat groups. In addition, perirenal fat weight was reduced in W-AL rats. These results are known metabolic effects exerted by IGF-I (27) . Furthermore, the negative feedback suppression of the intrinsic GH-IGF-1 axis alone indicates an increase in IGF-1 signaling in animals, probably due to an increase in the free fraction of IGF-1 (28) .
The present study confirmed increased plasma adiponectin levels in rats whose GH-IGF-1 axis was suppressed either by genetic manipulation or by CR, as reported in other animal models (17) (18) (19) 29, 30) . This finding might be linked to the increased insulin sensitivity through the reduced fat content in Tg-AL and W-CR rats. It is intriguing that rhIGF-1 infusion returned the augmented plasma adiponectin levels in Tg-AL and W-CR rats to the W-AL baseline value without any change in the fat content or insulin sensitivity. Because plasma adiponectin levels decrease at the early phase of type 2 diabetes in rhesus monkeys (31) and lower levels are predictive for the subsequent development of diabetes in humans (32) , further analyses are needed to evaluate the long-term effect of rhIGF-1 on insulin sensitivity in Tg-AL or W-CR rats. The present data, however, suggest that exogenous rhIGF-1 modulates plasma adiponectin levels independent of insulin sensitivity or fat content in these CR and Tg rats.
It is sometimes difficult to distinguish the direct effect of IGF-1 from the effect of GH, because intrinsic GH and IGF-1 change concomitantly. Most rodent studies indicate that reduced GH signaling is associated with an increase in plasma adiponectin levels (29, 30) . The present data indicate that endogenous GH signaling was decreased in all rat groups due to negative feedback regulation induced by the rhIGF-1 infusion. The plasma adiponectin concentration was, however, decreased in those rats. As the metabolic effects of rhIGF-1 were noted, the findings suggest that a decrease in GH signaling alone cannot elevate the plasma adiponectin level in rats (i.e., a reduction in peripheral IGF-1 signaling is needed to increase the plasma adiponectin levels). In vitro studies suggest that IGF-1, GH, or GHinduced IGF-1 suppresses adiponectin synthesis or secretion in adipose tissue (33, 34) . Incubation of 3T3-L1 adipocyte cultures with IGF-1 or insulin, but not GH, downregulates the expression of adiponectin-mRNA in culture cells (33) . In contrast, an in vitro human adipose tissue study demonstrated that incubation of small pieces of adipose tissue with rhGH decreased adiponectin levels in culture medium (34) . This in vitro study, however, did not exclude the possibility that rhGH induces the expression of IGF-1 within adipose tissue, i.e., rhGH treatment decreased the synthesis and secretion of adiponectin through an increase in IGF-1 in adipose tissue. It is indeed reported that GH positively regulates IGF-1 expression in adipose tissue in vivo (35) . Thus, in the present study, it was thought that an increment in the net bioactivity of IGF-1 led to suppression of the synthesis and secretion of adiponectin in adipose tissue.
A considerable amount of IGF-1 is produced in adipose tissue. Although IGF-1 receptors have been demonstrated in adipose tissue in vitro (36) , the in vivo evidence is poor (37) . Although IGF-1 binds to insulin receptors [but with a 100-times-lower affinity (38) ], there is no evidence for the involvement of insulin receptors in IGF-1 signaling. Therefore, mechanisms by which IGF-1 downregulates the synthesis and secretion of adiponectin in adipose tissue should be further investigated.
Plasma leptin levels increase in parallel with fat storage in the body (16) . The present study confirmed that W-AL rats, with a greater fat content, had higher plasma leptin levels as compared with W-CR and Tg-AL rats. Plasma leptin levels are also regulated acutely by nutritional or hormonal status. Intraperitoneal injection of glucose or insulin upregulates leptin gene expression in normal, nonobese mice within 30 minutes (39); in obese mice, this acute response is attenuated. In the present study, the acute response of leptin to glucose was observed in all three rat groups. Administration of rhIGF-1 suppressed the acute response as well as the total plasma adiponectin levels in the three rat groups. Normal rats fed AL have reduced serum leptin levels after rhIGF-1 administration that correlates with a reduction in fat mass and serum insulin concentrations (40) . Previous reports also indicate a positive role for insulin in the regulation of leptin expression in adipose tissues (41, 42) . In the present study, W-AL rats, but not W-CR or Tg-AL rats, had a reduced fat mass after rhIGF-1 infusion; serum insulin levels were not reduced in any rat group. These findings suggest the presence of an insulin-independent mechanism of leptin synthesis and secretion in adipose tissue, particularly in W-CR and Tg-AL rats.
Hypophysectomy reduces the leptin mRNA expression levels in rat adipose tissue (43) . Exogenous administration of rhGH in hypophysectomized rats restores the serum IGF-1 levels, but does not affect the reduced gene expression of leptin (43) . Infusion of rhIGF-1 in hypophysectomized rats, however, further decreases leptin gene expression, although serum IGF-1 concentrations only increase slightly (43) . In addition, IGF-1 mRNA in the fat pads in hypophysectomized rats returned to normal levels following rhGH administration, but not by rhIGF-1 injection (43) . A series of experiments by Boni-Schnetzler and colleagues (40, 43) suggest that factors other than endogenous GH and IGF-1 are associated with the regulation of leptin mRNA expression in hypophysectomized rats. Nonetheless, their experiments (40, 43) indicate that exogenous rhIGF-1 suppresses the synthesis of leptin in adipose tissue independent of endogenous IGF-1 status, thus the finding is consistent with the present study. As mentioned in the discussion of adiponectin, it remains to be elucidated how exogenous rhIGF-1 acts on adipose tissue, which does not substantially express IGF-1 receptors in vivo.
Summary
The similarity of phenotypes including the response to rhIGF-1 between W-CR and Tg-AL rats supports the role for the GH-IGF-1 axis in the CR effect. Although we did not exclude a role for GH, either directly or indirectly via IGF-1, the present study emphasizes the involvement of IGF-1 signaling in the CR effect, particularly the CRinduced alterations in plasma adiponectin levels. However, the precise mechanisms by which IGF-1 regulates synthesis and secretion of adipokines in CR animals remains to be elucidated.
